
U
n
stru
ctu
re
d
M
e
sh
C
o
m
p
u
ta
tio
n
s:

E
�
e
cts
o
f
O
rd
e
rin
g
S
tra
te
g
ie
s,

P
ro
g
ra
m
m
in
g
P
ara
d
ig
m
s,
a
n
d
A
rch
ite
ctu
ra
l
P
la
tfo
rm
s

L
eon
id
O
liker

loliker@
lb
l.gov

w
w
w
.n
ersc.gov/~
oliker

N
E
R
S
C
,
L
aw
ren
ce
B
erkeley
N
ation
al
L
ab
oratory



O
v
e
rv
ie
w

�
G
en
erally
b
elieved
th
at
u
n
stru
ctu
red
grid
tech
n
iqu
es
w
ill
con
stitu
te
a

sign
i�
cant
fraction
of
fu
tu
re
h
igh
p
erform
an
ce
com
p
u
tin
g

�
U
n
stru
ctu
red
m
esh
es
u
sed
to
rep
resent
com
p
lex
(evolvin
g)
geom
etries

�
U
n
d
erlyin
g
m
atrix
is
assem
b
led
an
d
u
sed
to
solve
set
of
P
D
E
's

�
P
arallel
com
p
u
tin
g
requ
ired
to
solve
large
sp
arse
system
s

�
L
ead
in
g
p
arallel
system
s
an
d
p
rogram
m
in
g
p
arad
igm
s

{

T
3E
/M
P
I,
O
rigin
2000/O
p
en
M
P
,
T
era
M
T
A
/M
T

�
P
artition
in
g
strategy
is
requ
ired
to
d
ecom
p
ose
u
n
stru
ctu
red
d
om
ain
onto

p
arallel
system

{

M
u
ltilevel
(M
eT
iS
),
L
in
earization
(R
C
M
,
S
A
W
),
G
rap
h
C
olorin
g

�
E
xam
p
les:
C
on
ju
gate
G
rad
ient
(C
G
)
p
erform
an
ce
b
ased
on
S
P
M
V

�
U
n
stru
ctu
red
m
esh
ad
ap
tation
:
d
yn
am
ically
ad
ap
tive
algorith
m



G
ra
p
h
P
artitio
n
in
g
S
tra
te
g
ie
s:
M
e
T
iS

�
M
ost
p
op
u
lar
m
u
ltilevel
p
artition
ers,
goal:

{

B
alan
ce
com
p
u
tation
al
w
orkload

{

M
in
im
ize
ed
ge
cu
ts
(interp
rocessor
com
m
u
n
ication
)

�
C
ollap
ses
vertices
an
d
ed
ges,
u
sin
g
h
eavy
ed
ge
m
atch
in
g
sch
em
e,
ap
p
lies

greed
y
algorith
m
to
coarsest
grap
h
,
u
n
coarsen
s
it
b
ack
u
sin
g
greed
y
grap
h

grow
in
g
+
K
en
igh
an
-L
in
.



L
in
e
ariza
tio
n
S
tra
te
g
ie
s:
R
e
v
e
rse
C
u
th
ill-M
cK
e
e
(R
C
M
)

�
T
h
e
b
an
d
w
id
th
,
or
p
ro�
le,
of
th
e
m
atrix
h
as
a
sign
i�
cant
im
p
act
of
th
e

eÆ
cien
cy
of
lin
ear
system
s
an
d
eigen
solvers

�
R
C
M
is
a
geo
m
etry
ba
sed
algorith
m
w
h
ich
gen
erates
a
p
erm
u
tation
su
ch

th
at
th
e
n
on
zero
entries
are
close
to
th
e
d
iagon
al.

�
G
ood
p
reord
erin
g
for
L
U
or
C
h
olesky
factorization
(red
u
ces
�
ll).

�
A
lso
im
p
roves
cach
e
p
erform
an
ce,
b
u
t
d
oes
n
ot
exp
licitly
red
u
ce
ed
ge-cu
ts.

�
C
an
b
e
u
sed
as
p
artition
in
g
strategy
by
assign
in
g
each
of
P
segm
ents
of
th
e

R
C
M
enu
m
eration
to
a
p
rocessor.

�
F
rom
vertex
of
m
in
d
egree,
gen
erates
a
level
stru
ctu
re
by
b
read
th
-�
rst
search

an
d
ord
ers
th
e
vertices
by
d
ecreasin
g
d
istan
ce
from
th
e
origin
al
vertex



L
in
e
ariza
tio
n
S
tra
te
g
ie
s:
S
e
lf-A
v
o
id
in
g
W
a
lk
s
(S
A
W
)

�
S
A
W

is
m
esh
ba
sed
tech
n
iqu
e
sim
ilar
to
sp
ace-�
llin
g
cu
rves

�
T
w
o
con
secu
tive
trian
gles
in
th
e
S
A
W

sh
are
an
ed
ge
or
vertex
(n
o
ju
m
p
s)

�
S
A
W

visits
each
trian
gle
exactly
on
ce,
enterin
g/exitin
g
over
an
ed
ge
or
vertex

�
S
A
W

u
sed
to
im
p
rove
p
arallel
eÆ
cien
cy
related
to
locality
(cach
e
reu
se)
an
d

load
b
alan
cin
g,
b
u
t
d
oes
n
ot
exp
licitly
ad
d
ress
ed
ge
cu
ts
(interp
roc.
com
m
.)

�
S
A
W

am
en
ab
le
to
h
ierarch
ical
coarsen
in
g
an
d
re�
n
em
ent



S
p
arse
M
a
trix
V
e
cto
r
M
u
ltip
ly
a
n
d
C
o
n
ju
g
a
te
G
ra
d
ie
n
t

�
S
P
M
V
on
e
of
m
ost
h
eavily
u
sed
kern
els
in
large-scale
nu
m
erical
sim
u
lation
s

�
T
o
p
erform
a
S
P
M
V
,
y
 

A
x
,
assu
m
e
th
at
n
on
zeros
of
m
atrix
A
are
stored

in
th
e
C
om
p
ressed
R
ow
S
torage
(C
R
S
)
form
at

�
D
en
se
vector
x
is
stored
sequ
entially
in
m
em
ory
w
ith
u
n
it
strid
e.
V
ariou
s

nu
m
b
erin
g
of
th
e
m
esh
elem
ents/vertices
resu
lt
in
d
i�
erent
n
on
zero
p
attern
s

of
A
,
w
h
ich
in
tu
rn
cau
se
d
i�
erent
access
p
attern
s
for
th
e
entries
of
x
.

�
T
h
e
C
on
ju
gate
G
rad
ient
(C
G
)
algorith
m
is
th
e
old
est
an
d
b
est-kn
ow
n

K
rylov
su
b
sp
ace
m
eth
od
u
sed
to
solve
th
e
lin
ear
system
A
x
=
b.
T
h
e

m
eth
od
starts
from
an
in
itial
gu
ess
of
th
e
vector
x
.
It
th
en
su
ccessively

gen
erates
ap
p
roxim
ate
solu
tion
s
in
th
e
K
rylov
su
b
sp
ace,
an
d
search

d
irection
s
u
sed
in
u
p
d
atin
g
th
e
ap
p
roxim
ate
solu
tion
an
d
resid
u
al.

�
S
P
M
V
u
su
ally
accou
nts
for
m
ost
of
th
e


op
s
w
ith
in
a
C
G
iteration
.



S
p
arse
M
a
trix
V
e
cto
r
M
u
ltip
ly
a
n
d
C
o
n
ju
g
a
te
G
ra
d
ie
n
t

C
om
p
u
te
r
0
=
p
0

=
b
�

A
x
0

for
som
e
in
itial
gu
ess
x
0

f
o
r
j
=
0;1;:::,
u
n
til
con
vergen
ce

�
j
=
(r
j ;r
j )=(A
p
j ;p
j )

x
j
+
1

=
x
j
+
�
j p
j

r
j
+
1
=
r
j
�

�
j A
p
j

�
j
=
(r
j
+
1 ;r
j
+
1 )=(r
j ;r
j )

p
j
+
1
=
r
j
+
1
+
�
j p
j

e
n
d
fo
r

�
E
ach
iteration
of
C
G
involves
on
e
S
P
M
V
for
A
p
j ,
th
ree
vector
u
p
d
ates

(A
X
P
Y
)
for
x
j+
1 ,
r
j+
1 ,
an
d
p
j+
1 ,
an
d
th
ree
in
n
er
p
rod
u
cts
(D
O
T
)
for
th
e

u
p
d
ate
scalars
�
j
an
d
�
j

�
F
or
a
sym
m
etric
an
d
p
ositive
d
e�
n
ite
lin
ear
system
,
th
ese
con
d
ition
s
im
p
ly

th
at
th
e
d
istan
ce
b
etw
een
th
e
ap
p
roxim
ate
solu
tion
an
d
th
e
tru
e
solu
tion
is

m
in
im
ized

�
S
u
p
p
ose
th
e
m
atrix
A
is
of
ord
er
n
an
d
h
as
n
n
z
n
on
zeros.
T
h
en
,
on
e
S
P
M
V

involves
O
(n
n
z
)


oatin
g-p
oint
op
eration
s,
w
h
ile
A
X
P
Y
an
d
D
O
T
involve

on
ly
O
(n
)


oatin
g-p
oint
op
eration
s.
T
hu
s,
for
m
any
p
ractical
m
atrices,

S
P
M
V
d
om
in
ates
th
e
oth
er
tw
o
op
eration
s.



T
e
st
P
ro
b
le
m

�
2D
D
elau
n
ay
trian
gu
lation
of
letter
\A
"
gen
erated
by
T
rian
gle
p
ackage.

�
C
ontain
s
661,054
vertices
an
d
1,313,099
trian
gles

�
U
n
d
erlyin
g
m
atrix
assem
b
led
by
assign
in
g
ran
d
om
valu
e
in
(0;1)
to
each

(i;j)
entry
corresp
on
d
in
g
to
th
e
vertex
p
air
(v
i ;v
j ),
w
h
ere

1
�

d
is
ta
n
ce(v
i ;v
j )
�

3.
A
ll
oth
er
entries
set
to
0

�
D
iagon
al
set
to
40,
m
akin
g
it
d
iagon
ally
d
om
in
ant
(p
ositive
d
e�
n
ite)

�
F
in
al
m
atrix
h
as
ap
p
rox
39
entries
p
er
row
an
d
25,753,034
n
on
zeros.

�
C
G
converges
in
13
iteration
s,
S
P
M
V
accou
nts
for
87%
of


op
s



D
istrib
u
te
d
M
e
m
o
ry
Im
p
le
m
e
n
ta
tio
n

�
E
ach
p
rocessor
h
as
its
ow
n
local
m
em
ory
th
at
on
ly
it
can
d
irectly
access.

�
T
o
access
th
e
m
em
ory
of
an
oth
er
p
roc.
a
copy
of
th
e
d
esired
d
ata
m
u
st
b
e

sent
across
th
e
n
etw
ork
u
sin
g
m
essage
p
assin
g
(M
P
I
or
P
V
M
)

�
T
o
ru
n
p
rogram
on
th
ese
system
s,
u
ser
m
u
st
d
ecid
e
h
ow
th
e
d
ata
sh
ou
ld
b
e

d
istrib
u
ted
(or
red
istrib
u
ted
)
an
d
organ
ize
com
m
u
n
ication
stru
ctu
re

�
A
llow
s
u
ser
to
d
esign
eÆ
cient
cod
e
at
cost
of
h
igh
cod
e
com
p
lexity

�
P
arallel
C
G
u
sed
calls
sp
ecial
sp
arse
lin
ear
lib
rary
(A
ztec)

�
M
atrix
A
is
p
artition
ed
into
b
locks
of
row
s
an
d
each
b
lock
assign
ed
to
p
roc.

�
A
ssociated
com
p
on
ent
vectors
x
an
d
b
are
d
istrib
u
ted
accord
in
gly

�
C
om
m
u
n
ication
m
ay
b
e
n
eed
ed
to
tran
sfer
som
e
com
p
on
ents
of
x

�
A
X
P
Y
:
on
ly
local
com
p
u
tation
,
D
O
T
:
local
su
m
follow
ed
by
glob
al
red
u
ction

�
T
3E
:
450
M
H
z
D
ec
A
lp
h
a
p
rocessor
(900
M


op
p
eak
th
eoretical),
96K
B

secon
d
ary
cach
e,
intercon
n
ected
th
rou
gh
3D
toru
s.



D
istrib
u
te
d
M
e
m
o
ry
:
L
o
ca
lity
a
n
d
C
o
m
m
u
n
ica
tio
n
S
ta
tistics

A
vg.
C
ach
e
M
isses
(10
6)

A
vg.
C
om
m
u
n
ication
(10
6
bytes)

P

O
R
IG

M
E
T
IS

R
C
M

S
A
W

O
R
IG

M
E
T
IS

R
C
M

S
A
W

8
3.6842

3.0340

3.7490
2.0042
3.2275

0.0107

0.0308

0.0488

16
2.0072

1.3305

1.9049
0.9706
2.3643

0.0108

0.0315

0.0362

32
1.0597

0.6576

1.0172
0.5073
1.4918

0.0092

0.0316

0.0302

64
0.6011

0.3581

0.5150
0.2900
0.8285

0.0079

0.0316

0.0229

�
R
esu
lts:
O
R
IG
ord
erin
g
h
as
large
ed
ge
cu
t
(interp
rocessor
com
m
),
an
d
p
oor

locality
(h
igh
nu
m
b
er
of
cach
e
m
isses)

�
M
eT
iS
m
in
im
izes
ed
ge
cu
ts,
w
h
ile
S
A
W

m
in
im
izes
cach
e
m
isses



D
istrib
u
te
d
M
e
m
o
ry
:
R
u
n
tim
e
o
f
S
P
M
V
a
n
d
C
G

O
R
IG

M
E
T
IS

R
C
M

S
A
W

P

S
P
M
V

C
G

S
P
M
V

C
G

S
P
M
V

C
G

S
P
M
V

C
G

8
0.5622
8.6519
0.4758
7.6617
0.3812
6.1853
0.1708
2.9158

16
0.3252
5.0929
0.2682
2.9092
0.1927
3.1979
0.0861
1.4912

32
0.1990
3.1667
0.0870
1.4677
0.0951
1.6615
0.0442
0.7948

64
0.1191
1.9287
0.0559
0.9614
0.0451
0.8816
0.0283
0.4616

�
O
rd
erin
g/P
artition
in
g
is
requ
ired
to
ach
ieve
p
erform
an
ce
an
d
scalab
ility

�
F
or
th
is
com
b
in
ation
of
ap
p
lication
s
an
d
arch
itectu
res,
im
p
rovin
g
cach
e
reu
se

can
b
e
m
ore
im
p
ortant
th
an
red
u
cin
g
interp
rocessor
com
m
u
n
ication

�
A
d
ap
tivity
=
R
ep
artition
in
g
(R
eord
erin
g)
an
d
R
em
ap
p
in
g



D
istrib
u
te
d
-S
h
are
d
M
e
m
o
ry
S
y
ste
m

�
O
rigin
2000:
S
M
P
of
n
od
es
each
contain
s
tw
o
250
M
H
z
R
10000
an
d
local
m
em

�
H
ard
w
are
m
akes
all
m
em
ory
equ
ally
accessib
le
from
softw
are
stan
d
p
oint,
by

sen
d
in
g
m
em
ory
requ
ests
th
rou
gh
rou
ters
on
n
od
es

�
A
ccess
tim
e
to
m
em
ory
is
n
onu
n
iform
(d
ep
en
d
in
g
on
#
of
h
op
s)

�
T
op
ology
of
th
e
intercon
n
ection
is
hyp
ercu
b
e
(m
ax
lo
g
(p)
h
op
s)

�
E
ach
p
roc
h
as
large
4M
B
cach
e,
w
h
ere
on
ly
it
can
fetch
an
d
store
d
ata

�
If
p
roc
access
d
ata
n
ot
in
cach
e,
d
elay
w
h
ile
a
copy
is
fetch
ed

�
W
h
en
p
roc
m
od
i�
es
w
ord
,
all
oth
er
cop
ies
of
th
at
cach
e
lin
e
are
invalid
ated



D
istrib
u
te
d
-S
h
are
d
M
e
m
o
ry
Im
p
le
m
e
n
ta
tio
n

�
U
se
O
p
en
M
P
style
d
irectives
to
p
arallelize
loop
s
-
less
e�
ort
th
an
M
P
I

�
T
w
o
im
p
lem
entation
ap
p
roach
es
are
taken
:

{

S
H
M
E
M
:
n
aively
assu
m
es
O
rigin
2000
is


at
sh
ared
-m
em
m
ach
in
e.
A
rrays

n
ot
exp
licitly
d
istrib
u
ted
,
n
on
-local
d
ata
h
an
d
led
by
cach
e-coh
eren
ce

{

C
C
-N
U
M
A
:
ad
d
resses
u
n
d
erlyin
g
d
istrib
u
ted
-m
em
ory
by
p
erform
in
g
d
ata

d
istrib
u
tion

�
T
h
e
com
p
u
tation
al
kern
els
of
b
oth
S
H
M
E
M
an
d
C
C
-N
U
M
A
are
id
entical

�
E
ach
p
rocessor
assign
ed
equ
al
nu
m
b
er
of
row
s
in
th
e
m
atrix
(b
lock)

�
N
o
exp
licit
syn
ch
ron
ization
sin
ce
n
o
con
cu
rrent
w
rites

�
G
lob
al
red
u
ction
requ
ired
for
D
O
T



D
istrib
u
te
d
-S
h
are
d
M
e
m
o
ry
R
e
su
lts

S
H
M
E
M

O
R
IG

R
C
M

S
A
W

P

S
P
M
V

C
G

S
P
M
V

C
G

S
P
M
V

C
G

1

2.224

46.911

1.489

37.183

1.460

36.791

2

1.249

28.055

0.852

21.867

0.831

21.772

4

1.425

30.637

0.935

25.350

0.915

24.751

8

0.922

16.836

0.572

14.431

0.572

14.121

16

1.047

16.348

0.635

15.516

0.645

15.548

32

1.072

16.653

0.664

15.350

0.641

15.423

64

0.747

10.809

0.323

7.782

0.324

8.450

C
C
-N
U
M
A

M
P
I

O
R
IG

R
C
M

S
A
W

S
A
W

P

S
P
M
V

C
G

S
P
M
V

C
G

S
P
M
V

C
G

C
G

1

2.224

46.911

1.489

37.183

1.460

36.791

2

1.218

27.053

0.851

21.454

0.829

21.229

23.145

4

0.879

17.608

0.421

10.651

0.410

10.593

7.880

8

0.535

9.824

0.220

5.575

0.216

5.516

3.815

16

0.326

6.205

0.115

2.845

0.113

2.872

1.926

32

0.197

3.584

0.061

1.548

0.060

1.514

1.075

64

0.118

2.365

0.028

0.885

0.026

0.848

0.905



D
istrib
u
te
d
-S
h
are
d
M
e
m
o
ry
R
e
su
lts

�
C
C
-N
U
M
A
sh
ow
s
sign
i�
cant
p
erform
an
ce
gain
over
S
H
M
E
M
,
sin
ce

O
rigin
2000
is
a
d
istrib
u
ted
m
em
ory
m
ach
in
e,
it
sh
ou
ld
b
e
treated
as
su
ch
.

�
W
ith
in
C
C
-N
U
M
A
,
R
C
M
an
d
S
A
W

red
u
ce
ru
ntim
e
com
p
ared
to
O
R
IG
.

In
d
icates
th
at
intelligent
ord
erin
g
is
n
ecessary
to
ach
ieve
p
erform
an
ce
an
d

scalab
ility

�
L
ittle
d
i�
eren
ce
b
etw
een
R
C
M
an
d
S
A
W
,
p
rob
ab
ly
d
u
e
to
large
cach
e
(n
eed

to
exp
erim
ent
w
ith
larger
m
esh
)

�
C
C
-N
U
M
A
an
d
M
P
I
ru
ntim
es
are
very
sim
ilar
for
S
A
W

ord
erin
g,
even

th
ou
gh
p
rogram
m
in
g
m
eth
od
ologies
are
qu
ite
d
i�
erent.

�
R
esu
lts
in
d
icate
th
at
for
th
is
class
of
ap
p
lication
s,
it
is
p
ossib
le
to
ach
ieve

m
essage
p
assin
g
p
erform
an
ce
u
sin
g
sh
ared
m
em
ory
con
stru
cts,
th
rou
gh

carefu
l
d
ata
ord
erin
g
an
d
d
istrib
u
tion

�
A
d
ap
tivity
=
R
ep
artition
in
g
(R
eord
erin
g)
an
d
R
em
ap
p
in
g



T
e
ra
M
T
A
M
u
ltith
re
a
d
e
d
A
rch
ite
ctu
re

�
255
M
H
z
T
era
u
ses
M
T
A
to
cover
laten
cies
an
d
keep
p
rocessor
satu
rated

�
R
an
d
om
ized
m
em
ory
m
ap
p
in
g
-
d
ata
layou
t
is
im
p
ossib
le
(3D
toru
s)

�
N
ear
u
n
iform
d
ata
access
from
any
p
rocessor
to
any
m
em
ory
location

�
N
o
d
ata
cach
es,
M
T
is
u
sed
to
tolerate
laten
cy
(100-150
cycles
p
er
w
ord
)

�
E
ach
p
roc
h
as
ab
ou
t
100
stream
s
h
ard
w
are
(in
clu
d
in
g
32
registers
an
d
P
C
)

�
P
rocessor
m
akes
context
sw
itch
on
ea
c
h
cycle,
ch
oosin
g
th
e
n
ext
in
stru
ction

from
on
e
stream
s
read
y
to
execu
te.

�
A
stream
can
execu
te
an
in
stru
ction
on
ly
on
ce
every
21
clocks,
even
if
n
o

in
stru
ction
s
referen
ce
m
em
ory

�
S
yn
ch
ron
ization
b
etw
een
th
read
s
is
accom
p
lish
ed
u
sin
g
fu
ll/em
p
ty
b
its
in

m
em
ory,
allow
in
g
for
�
n
e-grain
ed
th
read
s

�
E
xp
licit
load
b
alan
cin
g
n
ot
requ
ired
sin
ce
d
yn
am
ic
sch
ed
u
lin
g
of
w
ork
to

th
read
s
can
keep
p
rocessor
satu
rated

�
F
or
M
T
cod
e:
n
o
d
i�
eren
ce
b
etw
een
u
n
i
an
d
m
u
ltip
rocessor
p
arallelism



T
e
ra
M
T
A
Im
p
le
m
e
n
ta
tio
n

�
M
T
im
p
lem
entation
is
trivial
-
on
ly
com
p
iler
d
irectives
requ
ired

�
S
p
ecial
assertion
s
u
sed
to
in
d
icate
n
o
loop
carried
d
ep
en
d
en
cies

�
C
om
p
iler
w
as
th
en
ab
le
to
p
arallelize
loop
segm
ents

�
L
oad
b
alan
cin
g
h
an
d
led
by
O
S
w
h
ich
d
yn
am
ically
assign
s
row
s
to
th
read
s

�
O
th
er
th
an
red
u
ction
for
D
O
T
,
n
o
sp
ecial
syn
ch
ron
ization
con
stru
cts
are

requ
ired
sin
ce
n
o
p
ossib
le
race
con
d
ition
s
in
C
G

�
N
o
sp
ecial
ord
erin
g
is
requ
ired
(or
p
ossib
le)
to
ach
ieve
p
arallel
p
erform
an
ce



T
e
ra
M
T
A
R
e
su
lts

O
R
IG

P

S
P
M
V

C
G

1

0.378

9.86

2

0.189

5.02

4

0.095

2.53

8

0.051

1.35

�
R
esu
lts
on
60
stream
s
p
er
p
rocessor

�
B
oth
S
P
M
V
an
d
C
G
sh
ow
h
igh
scalab
ility
(over
90%
)

�
S
h
ow
s
en
ou
gh
IL
P
in
M
T
C
G
to
tolerate
h
igh
overh
ead
of
m
em
ory
access

�
8
p
roc
T
era
faster
th
an
32
p
roc
O
2K
an
d
16
P
roc
T
3E
-
w
ith
n
o
sp
ecia
l

o
rd
erin
g

�
O
n
ly
8
p
rocs
availab
le,
w
ill
scalin
g
continu
e
as
P
in
creases?

�
A
d
ap
tivity
=
N
o
extra
w
ork
w
ou
ld
b
e
requ
ired
to
m
aintain
p
erform
an
ce



S
u
m
m
ary

�
E
xam
in
ed
3
d
i�
erent
p
arallel
im
p
lem
entation
s
of
C
G
u
sin
g
th
ree
lead
in
g

p
rogram
m
in
g
p
arad
igm
s
an
d
arch
itectu
res

�
M
P
I:
M
ost
com
p
licated
im
p
lem
entation
,
com
p
ared
grap
h
p
artition
in
g
an
d

lin
earization
strategies

�
F
or
th
is
class
of
ap
p
lication
s
trad
ition
al
grap
h
p
artition
ers
w
h
ich
focu
s
on

m
in
im
izin
g
ed
ge
cu
ts
are
n
ot
n
ecessarily
as
good
as
locality
algorith
m
s
w
h
ich

im
p
rove
cach
e
reu
se

�
S
h
ared
m
em
C
G
on
O
2K
:
ord
erin
g
algorith
m
s
greatly
im
p
rove
p
erform
an
ce

�
It
is
p
ossib
le
to
ach
ieve
m
essage
p
assin
g
p
erform
an
ce
u
sin
g
sh
ared
m
em

con
stru
cts
th
rou
gh
carefu
l
d
ata
ord
erin
g
an
d
d
istrib
u
tion

�
T
era
M
T
A
w
as
easiest
to
p
rogram
an
d
resu
lts
sh
ow
th
at
sp
ecial
ord
erin
g

an
d
/or
p
artition
in
g
sch
em
es
are
n
ot
requ
ired
to
ob
tain
h
igh
eÆ
cien
cy
an
d

scalab
ility.



F
u
tu
re
w
o
rk

�
C
reate
a
hyb
rid
(O
p
en
M
P
/M
P
I)
im
p
lem
entation
on
n
ew
N
E
R
S
C
an
d
S
D
S
C

S
P
system

�
E
xam
in
e
e�
ects
of
�
rst
p
artition
in
g
m
esh
w
ith
M
eT
iS
follow
ed
by
p
erform
in
g

S
A
W

on
each
su
b
d
om
ain
(good
m
atch
for
hyb
rid
system
?)

�
E
valu
ate
p
arallel
Jacob
i-D
avid
son
eigen
solver
(S
P
M
V
kern
el)

�
E
xten
d
S
A
W

algorith
m
to
3D
an
d
m
od
ify
it
to
eÆ
ciently
h
an
d
le
ad
ap
tivity

in
p
arallel


